Abstract Encoded by seven genes, angiopoietin-like (ANGPTL) family members structurally similar to the angiogenic regulating factor angiopoietin are known to possess biological activities in angiogenesis and metabolism. Here we reports for the first time the identification and expression analysis of all the seven members of bovine ANGPTL gene family, which were designated bANGPTL1 to bANGPTL7 in order. The seven bANGPTL genes consist of 4-9 exons, span 3800-43000 bp and are located on different chromosomes. The deduced amino acid sequences of the members all possess an N-terminal coiled-coil domain and a C-terminal fibrinogen-like domain, both characteristics of angiopoietins. Phylogenetic analysis showed that the 32 identified ANGPTL homologs from 9 species could be classified into two major groups. Real-time quantitative PCR (Q-PCR) analysis revealed that the bANGPTL family members have different expression patterns. This study will be helpful for investigation on the biological role of the bANGPTL family in this economically important species. Furthermore, it provides an insight into the molecular evolution of the emerging ANGPTL family [Current Zoology 56 (4): 445-453, 2010].
Angiopoietin-like proteins (ANGPTLs, also known as angiopoietin related proteins ARPs) were designated for their structural similarity to angiopoietins, which are important members of the vascular endothelial growth factor family (Kim et al., 1999a (Kim et al., , 1999b (Kim et al., , 2000 Kersten et al., 2000; Koishi et al., 2002; Le Jan et al., 2003; Oike et al., 2003; Ito et al., 2003; Niki et al., 2009 ). The characteristic structure of this family includes a signal peptide for secretion, an N-terminal coiled-coil domain (CCD) predicted to form dimeric or trimeric coiled-coils, a short linker peptide and a C-terminal fibrinogen-like domain (FLD) considered to be the receptor binding domain (Davis et al., 1996; Katoh and Kato, 2006) . Seven members of the human ANGPTL protein family have been identified and designated ANGPTL1/ARP1 (Kim et al., 1999a) , ANGPTL2/ARP2 (Kim et al., 1999b) , ANGPTL3 (Conklin et al., 1999) , ANGPTL4 (also known as HFARP, FIAF, PGAR) (Kim et al., 1999b; Kersten et al., 2000; Kim et al., 2000; Yoon et al., 2000; Wang et al., 2007; Desai et al., 2007) , ANGPTL5 (Zeng et al., 2003) , ANGPTL6/AGF and ANGPTL7 (Zang et al., 2006) . Since the specific receptors for the ANGPTLs are currently unknown, they are considered as orphan ligands (Hato et al., 2008) .
Several in vitro and in vivo studies indicate that members of the ANGPTL family, particularly ANGPTL1, 2, 3, 4 and 6, do function as angiogenic factors in the vascular system. ANGPTL1, 2 and 4 function as either pro-or antiangiogenic factors, depending upon the context (Kim et al., 1999a (Kim et al., , 1999b Dhanabal et al., 2002; Le Jan et al., 2003) . ANGPTL3 and 6 could induce blood vessel formation in vivo, indicating that both of them function as proangiogenic factors (Conklin et al., 1999; Ito et al., 2003; Yasunaga, 2004) . More importantly, some evidence suggests that some members have additional effects on triglyceride, lipid metabolism and insulin sensitivity. ANGPTL3 is understood to be a hepatocyte-derived circulating factor that functions to regulate lipid metabolism (Koishi et al., 2002; Shimizugawa et al., 2002; Ono et al., 2003) . It has been reported that it is a direct target of liver X receptor (LXR), which is a nuclear receptor activated by oxysterols and known to play an important role in the control of lipid homeostasis (Inaba et al., 2003; Kaplan et al., 2003) . ANGPTL4 is a downstream target of peroxisome proliferators activated receptors (PPARs), including PPARα (important in fatty acid oxidation) and PPARγ (involved in modulating insulin sensitivity and adipo-cyte differentiation) (Yoon et al., 2000; Kersten et al., 2000) . ANGPTL6 is a novel hepatocyte-derived circulating factor that counteracts high-fat-induced obesity and related insulin resistance through increased energy expenditure (Oike et al., 2005) . These studies indicate ANGPTL3, 4 and 6 as potential targets for metabolic syndrome therapy.
Until now, ANGPTL family has been well-characterized only in human, and very few studies have been made on this gene family in cow. The cow Bos taurus is an important domestic animal and a model organism for biomedical research and development, in addition to being important agriculturally (Quimby, 2002) . In this report, we identified "in silico" all the seven members of the bovine ANGPTL gene family, and investigated the distribution patterns of bANGPTLs mRNA in various tissues. "In silico" cloning is a process of EST collection, assembling and elongation, which offers a valid, rapid and compact approach to discover a new gene. The abundance of sequences in Bos taurus genome and expressed sequence tag (EST) databases made it feasible to choose this approach.
Materials and Methods

"
In silico" identification of the cDNA and the genomic DNA sequences of the bANGPTL family members, RT-PCR Similarity searches were performed by the Basic Local Alignment and Search Tool (BLAST) program using the human ANGPTLs cDNA sequences (GenBank accession nos. NM_004673, NM_012098, NM_014495, NM_001039667, NM_178127, NM_031917, NM_021146, representing human ANGPTL1 to 7, respectively) as queries against the Bos taurus NCBI EST database. Retrieved overlapping EST sequences, which share significant homology with human ANGPTLs cDNA sequences, were assembled into contigs by the CAP3 software (http://pbil.univ-lyon1.fr/cap3.php). The open reading frame (ORF) of contig was determined by the program NCBI ORF finder (http://www.ncbi.nlm.nih. gov/gorf/gorf.html).
To verify the correctness of bANGPTLs cDNA sequences isolated by "in silico" cloning, RT-PCR analysis was performed to amplify the full-length ORF of each bANGPTLs member. Briefly, the total RNA was extracted from fresh bovine spleen using the TRIzol reagent (Invitrogen, USA) according to the standard protocol. A first-strand cDNA was synthesized from 1 µg of total RNA using Reverse Transcriptase XL (Takara, Japan) according to the manufacturer's protocol.
Seven pairs of primers (data not shown) designed based on the predicted bANGPTLs cDNA sequences were used to amplify the seven ORFs, respectively. PCR conditions (30 cycles) were all as follows: denature for 30 s at 94℃, annealing for 30 s at 55℃, and extension for 90 s at 72℃.
To obtain the genomic DNA of bANGPTLs, the publicly available cow genome database at the NCBI Bovine Genome Resources (http://www.ncbi.nlm.nih.gov/ projects/genome/guide/cow/) was screened using the bANGPTL cDNA sequences as queries. The mRNA-togenomic alignment program Spidey was used to identify the exon-intron boundaries. Finally, the confirmed nucleotide sequences and putative protein sequences were submitted to NCBI TPA databases (Third Party Annotation), and deposited at GenBank.
Protein sequence comparison analysis
The amino acid sequences were deduced by the Expert Protein Analysis System (http://www.expasy.org/). Information on the molecular weight prediction of proteins was carried out by ExPASy ProtParam tool (http://us.expasy.org/tools/protparam.html) (Gasteiger et al., 2005) . Multiple alignments of amino acid sequences were performed with the ClustalW program. The protein domain features were predicted by using Simple Modular Architecture Research Tool (http://smart.emblheidelberg.de/). BLAST2 SEQUENCES (http://www.ncbi. nlm. nih.gov/) were utilized for identity %. SignP 3.0 server was used to predict the presence and the location of signal peptide cleavage site in amino acid sequence.
Phylogenetic analysis
A phylogenetic tree was constructed using the MEGA4 software package (Tamura et al., 2007) . 32 identified homologous proteins of ANGPTL family from 9 species obtained from the GenBank database were subjected to the phylogenetic analysis. Several programs, including Maximum Parsimony methods, Maximum Likelihood methods, UPGMAM and Neighbor-joining methods, were used to check and then get the readable form of phylogenetic tree by conducting 1000 replications.
Real-time quantitative PCR
Real-time quantitative PCR (Q-PCR) was performed with the SYBR Green 2×Supermix on an ABI 7300 Real-Time Detection System (Applied Biosystems, USA) to investigate the expression patterns of bANGPTLs mRNA in various tissues. Cows used in this study were healthy, feeding and female from Dong-Hu breeding cultivation farm, Wuxi, China. Briefly, total RNA of various tissue samples including heart, spleen, intestine, lung, liver, white adipose, kidney and muscle were extracted respectively using the TRIzol reagent (Gibco-BRL, USA) and each first-strand cDNA was synthesized from 1 μg of total RNA using Reverse Transcriptase XL (Takara, Japan) according to the standard protocol. Primer pairs used for amplifications (Appendix A) were designed manually based on Primer Express 2.0 software guidelines (Applied Biosystems). Glyceraldehyde phosphate dehydrogenase (GAPDH) mRNA (GenBank accession number NM_001034034) was chosen as the reference gene for internal standardization. Each sample was run in triplicate along with the internal control gene. This SYBR Green PCR assay was carried out as described previously in detail (Shui et al., 2008; Livak and Schmittgen, 2001; Wong and Medrano, 2005) .
Results
Identification of the bANGPTL gene family
We undertook an "in silico" approach to isolate homologs of the ANGPTL family members from the cow. The abundance of sequences in the cow EST database made it feasible to choose this method. Results of EST assembly suggested that each corresponding ANGPTL family member could be found in the cow. They were hence termed bANGPTL1-7 in order. These cDNA sequences are 1000~2100 bp in length and all contain 5'-and 3'-untranslated regions (UTRs) of varying length. To verify the correctness of these sequences, seven pairs of primers were used to amplify the full-length ORF of the family members, respectively. By RT-PCR analysis, DNA fragments corresponding to each bANGPTL ORF were successfully amplified from bovine total RNA of spleen and subsequently confirmed by sequencing (data not shown). Finally, these confirmed cDNA sequences were deposited in GenBank under accession numbers EU599224, EU599225, EU599226, EU599227, EU599228, EU599229, EU599230, representing bANGPTL1 to 7 in order, respectively.
To obtain the genomic DNA of isolated bANGPTLs cDNA, the publicly available cow genome database was mined. Seven bovine genomic contigs (GenBank accession numbers CB423310, AC153405, AM017853, NW_001495328, DN284276, NW001495323, AC174033) which each encompasses one of full-length bANGPTL genes were isolated by BLASTGen analysis. By computer-assisted analysis, seven bANGPTL genes span 3800-21000 bp and are located on different chromosomes (Table 1) . These genes consist of 4-9 exons and all exon-intron splice junction sequences conform to the canonical GT-AG rule. Each organization of these bANGPTL genes is similar to that of corresponding human ortholog (data not shown). The obtained GenBank accession numbers for the bANGPTL1-7 genes are EU599231, EU599232, EU599237, EU599233, EU599234, EU599235, EU599236, respectively.
Protein sequence analysis of the bANGPTL family
Multiple alignments of amino acid sequences of ANGPTL1-7 showed that each member has the typical structure of the angiopoietin family: a signal peptide; an N-terminal coiled-coil domain; a short linker peptide and a C-terminal fibrinogen-like domain (Fig.1) . Sequence alignments at the amino acid level showed that the seven bANGPTL members share 95, 97, 82, 85, 87, 85 and 87% identity with the human counterparts, respectively. Multiple alignments of amino acid sequences of the bANGPTL members with other identified ANGPTL1-7 orthologs were generated by the ClustalW program, respectively (Appendix B). A representative tree constructed using the Neighbor-joining method was shown in Fig. 2 . It is demonstrated that all the 32 identified ANGPTL homologs from cow and other species can be classified into two major groups. Each bANGPTL ortholog clusters together with other mammalian sequences and away from the rest of vertebrates. 
Fig. 1 Alignments of deduced amino acid sequences of the bANGPTL family members
Blue and red letters indicate the coiled-coil domains and the fibrinogen-like domains, respectively. Green letters indicate the four conserved cysteine residues in the fibrinogen-like domains. Letters underlined represent the putative secretory signal sequences. The symbol (*) indicates that the aligned residues are identical. Substitutions said to be conservative or semi-conservative by ClustalW are marked by (:) and (.), respectively.
Fig. 2 Phylogenetic tree showing the relationship of the identified ANGPTL homologs from diverse spiecies
The GenBank accession numbers of the ANGPTL homologs except cow's are as follows: Human ANGPTL1-7 (NM_004673, NM_012098, NM_014495, NM_001039667, NM_178127, NM_031917, NM_021146); Pig ANGPTL1-4 (NM_001109947, NM_001109946, NM_001003926, NM_001038644); Mouse ANGPTL1-4,6,7 (NM_028333, NM_011923, NM_013913, NM_020581, NM_145154, NM_001039554); Zebrafish ANGPTL1-3 (NM_001014820, NM_001030230，NM_131818); Dog ANGPTL1 (NM_001109813); Monkey ANGPTL2 (NM_001109811); Rat ANGPTL3,4 (NM_001025065, NM_199115); Frog ANGPTL2 (NM_001097403).
Expression analysis of the bANGPTL family in various tissues
Indication about the physiological function of a protein might be obtained to some extent from its tissue distribution study. The constitutive mRNA expression of bANGPTLs in different tissues was analyzed by real-time Q-PCR normalized against GAPDH mRNA levels. A dissociation curve showing a single peak at the melting temperature expected for that amplicon suggests specific amplification. Expression was determined as fold increased 2 -ΔΔCt levels relative to the tissue with lowest expression set to 1.
Results revealed that the bANGPTLs are expressed in all detected tissues, but their expression patterns are varied. The bANGPTL1 has the highest expression in liver, heart and kidney. The bANGPTL2 is expressed mainly in five tissues heart, spleen, muscle, lung and intestine. The bANGPTL3 is expressed predominantly in liver. The bANGPTL4 shows the highest expression in white adipose and liver. The bANGPTL5 was detected predominantly in heart. The bANGPTL6 has expression level higher in liver than in other tissues. The bANGPTL7 has low expression in all detected tissues (Fig. 3) .
Fig. 3 Expression analysis of the bANGPTL gene family in various tissues
Mean mRNA levels (including standard deviations) in eight tissues were analyzed by real-time Q-PCR. Data are 2 −ΔΔCt levels calculated relative to the tissue with lowest expression set to 1, normalized against the GAPDH mRNA levels. Tissue names: HRT = heart; SPL = spleen; INT = intestine; LNG = lung; LIV = liver; WAT = white adipose; KID = kidney; MUS = muscle.
Discussion
In this study, the identification, phylogenetic analysis and expression analysis of the bANGPTL gene family were described. Overall, the results demonstrated that the bANGPTL family members share common features with human orthologs, including sequential similarities and mRNA expression patterns. Seven bANGPTL family member genes span 3800-21000 bp and consist of 4-9 exons. Each gene has approximately the same length with the human ANGPTL member and its organization is also similar to that of corresponding human ortholog (data not shown). In line with the observations of Kim et al. (1999a) in human and Conklin et al. (1999) in mouse, each bANGPTL protein contains the four distinctive conserved cysteines in fibrinogen-like domain (FLD) from the multiple alignments. These conserved cysteines have been reported to be required to form higher order structures at the N-terminal coiled-coil domain and considered to be the receptor binding domain (Davis et al., 2003) . Phylogenetic analysis using amino acid sequence showed that the 32 identified ANGPTL homologs from 9 species could be classified into two major groups. One group consists of the member 1, 2, 5, 6, 7 and another includes the member 3 and 4, consistent with their relevant functions in vivo .
The expression patterns of bANGPTL genes shed some light on their potential functions. Real-time Q-PCR analysis showed that the bANGPTLs members have different expression patterns, which are similar to the reports on human and mouse counterparts (Conklin et al., 1999) . These findings further verified that different ANGPTL proteins may be required for maintenance of the differentiated state of endothelial cells or for vascular remodeling in adult tissues (Kim et al., 1999; Zang et al., 2006) . Notably, the results showed that the liver has exclusively the highest expression of bANGPTL3 mRNA, and other adult tissues express few mRNA copies. Recent studies reported that bANGPTL3 mRNA and proteins are expressed in the circulation and its expression is regulated by leptin and insulin (Kaplan et al., 2003) . Perhaps this internal environment circulation could partly explain the trace quantity expression in tissues such muscle, heart and white adipose. The bANGPTL4 shows the highest expression in white adipose and liver almost in line with recent studies (Mamedova et al., 2010) , confirming that ANGPTL4 plays an important role in energy metabolism.
